REsumG.-Les lasers chimiques de grande puissance ont souvent des rzgions de gain de grand allongement, pour lesquelles un rbsonateur instable avec diffgrentes amplifications dans les deux dimensions transversales est dssirable. Ce papier considsre une nouvelle classe de rbsonateurs instables qui rbalisent la propriEtb d'amplifications diffgrentielles avec des miroirs sph6riques en inclinant convenablement les miroirs au moyen de grands angles. La qualit6 du rendement optique a bt6 recherchbe thsoriquement et exp6rimentalement. L'on a dbcouvert que des rssonateurs instables, produisant des faisceaux lasers presque uniphases, peuvent Stre fabriqubs en utilisant cette nouvelle approche. Une propristb spbciale permet aux amplifications transversales d'6tre continuellement modifibes, ce qui est une aide importante pour la dynamique des gaz de grande puissance ou pour les activitss de dbveloppement expbrimental des lasers chimiques quand la longueur de la trajectoire de l'accroissement du flux est modifise.
The designs involve t i l t i n g both r e s o n a t o r s p h e r i c a l m i r r o r s by r a t h e r l a r g e angles. The p r e s e n t design concept i s a p p l i c a b l e t o e i t h e r standing-wave o r r i n g The purpose of t h i s paper i s t o r e p o r t on a r e c e n t i n v e s t i g a t i o n of t h i s new r e s o n a t o r t o d e t e rmine i t s usefulness. The approach i s based on an a n a l y s i s of t h e l a r g e degree of astigmatism introduced by t h e t i l t of t h e convex m i r r o r and p r e d i c t i n g i t s c a n c e l l a t i o n by s u i t a b l e choice of mirror spacing and t i l t of t h e concave mirror. I n t h e previous work we have given t h e design equations and have confirmed t h e symmetric magnification property. A two-dimensional approximate treatment was f i r s t pursued t h e o r e t i c a l l y . That i s , a t t e n t i o n i s confined t o a p l a n e perpendicular t o t h e m i r r o r -t i l t a x i s .
It was concluded t h a t t h e t i l t e d -
From t h e closed-form a n a l y s i s one can o b t a i n predic-
t i o n s of t h e magnitude of one of t h e major c o n t r i b u t o r s t o r e s i d u a l a b e r r a t i o n s , namely t h e y3 term. For b r e v i t y , t h e d e r i v a t i o n i s omitted and only t h e f i n a l r e s u l t i s quoted. We obtained
Usually v a l u e s of R R2, and a r e given. The value
of O 2 can then b e determined by t h e b a s i c design equat i o n s . [11 I n t h e above equation f o r t h e y3 a b e r r a t i o n t h e upper s i g n on t h e second term i n square b r a c k e t s corresponds t o a Z c o n f i g u r a t i o n , while t h e lower s i g n corresponds t o a U c o n f i g u r a t i o n . Thus t h e Z configur a t i o n i s p r e f e r r e d over t h e U c o n f i g u r a t i o n a s regards
a b e r r a t i o n s .
D e t e r i o r a t i o n of t h e o p t i c a l q u a l i t y of t h e output beam i s e s s e n t i a l l y determined by t h e root-meansquare (rms) v a l u e of O p t i c a l Path Difference
(OPD), z , measured i n u n i t s of wavelength, r e l a t i v e t o a s u i t a b l e r e f e r e n c e p l a n e f o r a collimated output beam. The r m s v a r i a t i o n s a r e considerably smaller than peak-to-peak o r center-to-peak v a r i a t i o n s , and t h e choice of r e f e r e n c e p l a n e i s important. The rms v a l u e f o r an u n t i l t e d r e f e r e n c e plane is:
The r m s v a l u e of t h e OPD a f t e r choosing a n optimal tilt f o r t h e r e f e r e n c e p l a n e can then be shown t o be:
Some numerical examples a r e given i n Table I which i s r e p r e s e n t a t i v e of chemical-laser r e s o n a t o r designs. From t h e s e e s t i m a t e s , t h e o p t i c a l q u a l i t y should be q u i t e a c c e p t a b l e a t i n f r a r e d wavelengths, when r m s and r e f e r e n c e -p l a n e -t i l t e f f e c t s a r e accounted f o r , except f o r t h e r a t h e r extreme c a s e of t h e m i r r o r s being used f o r t h e i n t e r f e r o m e t r i c t e s t i n g .
Such two-dimensional e s t i m a t e s would be considered q u i t e u n c e r t a i n i f s t a n d i n g alone. R e s u l t s of three-dimensional ray-tracing c a l c u l a t i o n s i n d i c a t e t h a t t h e two dimensional e s t i m a t e s g i v e u s e f u l semiq u a n t i t a t i v e guidance t o t h e expected degree of o p t ic a l q u a l i t y degradation f o r a n i d e a l l y a l i g n e d system.
On t h e o t h e r hand, t h e two-dimensional c o n s i d e r a t i o n s g i v e no i n d i c a t i o n whatever of t h e s e n s i t i v i t y of o p t i c a l q u a l i t y t o v a r i o u s systems parameters, includ-
i n g increments t o m i r r o r s e p a r a t i o n L, and concavem i r r o r -t i l t -a n g l e e 2 f o r a s p e c i Equations employed i n r a y t r a c i n g assume a collimated beam i n c i d e n t on t h e convex mirror. Given x and y c o o r d i n a t e s of an i n c i d e n t r a y measured r e l at i v e t o t h e c e n t r a l r a y , t h e computer program calcul a t e s t h e p a t h of t h e r a y through t h e system and determines (a) d i r e c t i o n cosines a f t e r r e f l e c t i o n from t h e concave m i r r o r , measured i n a coordinate system with t h e p o s i t i v e z-axis p a r a l l e l t o t h e c e n t r a l r a y and (b) t h e OPD between t h e r a y considered and t h e c e n t r a l r a y . The OPDs a r e of primary i n t e r e s t , and
a r e c a l c u l a t e d f o r a p o s i t i o n c l o s e t o t h e concave mirror. There i s a good d e a l of order i n t h e calcul a t e d OPDs; t h e i r f u n c t i o n a l dependence on x and y
can be w e l l represented by s e v e r a l t e r m s of a T a y l o r ' s 2 expansion. Terms C y3 and CZlx y a r e of primary 03
importance. (1) The s e n s e of r e l a t i v e t i l t of t h e s p h e r i c a l planned v a r i a t i o n s i n x of i n t e r e s t i n chemical l a s e r m i r r o r s a f f e c t s t h e a b e r r a t i o n s , t h e a b e r r a t i o n s b e i n g development experiments, t h e r e b y r e q u i r i n g no more s m a l l e r f o r t h e Z c o n f i g u r a t i o n . t h a n one r e s o n a t o r .
The experimental d a t a regarding o p t i c a l q u a l i t y from t i l t e d s p h e r i c a l m i r r o r r e s o n a t o r s a r e i n t h e form of interferograms. While providing very p r e c i s e and d e t a i l e d information about t h e o p t i c a l systems,
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(2) The dominant terms c o n t r i b u t i n g t o a b e r r a t i o n s 2 3
